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Abstract   
Optical communication system for the next generation of wireless communication systems are an exciting, 
unparalleled new technology. This paper presents a new visible light positioning algorithm system based on 
position by utilized neural network which depending on directly measured received signal strength (RSS) 
information of 3D coordinates. This algorithm is called light positioning algorithm neural network (LPANN) 
which used 5 laser diodes LDs, each one consists of 5×5 LD chips. In addition, a novel multi Input multiple 
output (MIMO) orthogonal frequency division multiplexing (OFDM) based VLC systems generalized laser 
diodes (LD) modulation scheme as second part of this paper that is called Zero Forcing Equalizer Neural 
network ZFENN algorithm which based on 4 × 4 optical MIMO-VLC. It is accomplished by using LD index 
modulation and spatial multiplexing. Actual and imaginary parts of the complex time domain OFDM signals 
are therefore separated first and then, bipolar signals are transmitted through VLC channels by encoding 
sign-information in LD indexes. In addition, a novel receiver configuration is also suggested for flat 
frequency or limited channel scenarios. Based on the results of this analysis, the positioning accuracy have 
been improved, so this is lead to enhance data rate. While, by using the second part of the MIMO-OFDM 
system that leads to enhancing the SNR and BER more than 10−4which are introduced to eliminate multi-
user interference (MUI). 
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1. Introduction 
       Visible light communication (VLC) is a term used to describe WiFi systems that transmit information by 
modulating the visible light for human eyes [1,2]. Light acts mainly as a light instead of communication source, 
which may not be the main purpose. The development of visible light emission diodes (LEDs) for light 
production has become important for the fast-growing study of VLC. If the room is illuminated already with 
LEDs. It not only reduces the necessary hardware costs, the sharing of resources also saves energy. In recent 
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year, both industry and academia have developed VLC technology. The main goal of this technology is to make 
LEDs more common due to their long life, energy consumption, protection of high data and environmental 
friendliness. In fact, it does not become fresh to use visible light as one of the wireless media [3- 6]. The channel 
characteristics are dependent on the space size and material characteristics of the reflector surfaces, and at 
different locations the same mobile VLC station will behave differently. One of the key issues with VLC internal 
systems is to achieve consistent communication efficiency at different positions without disrupting the critical 
illumination function. In contrast to various ceiling plans for arranging LED array, the light output is compared 
[7-11]. 
A new 12 LED light is proposed to minimize SNR homogeneity, ensuring users achieve nearly equal contact 
efficiency over one circle, and 4 LED light bulbs in the corner [8]. In square and hollow form, two indoor lights 
are compared, which demonstrates that the star arrangement inside the room is excellent [11, 12]. Four LED 
lights at the corner of the room and one LED lights in the central area are mounted to evenly spread the light 
Modern lighting design. In [11] the lighting characteristics are studied by means of rectangular and circulatory 
LEDs with a changing distance between lamps and ceiling base. An evolutionary algorithm improvement 
system for achieving uniform energy distribution and illumination on the communication floor has proposed 
[12].  
    Visible light has been a subject of many studies on communications technology. Many methods of positioning 
have been developed to facilitate visible light contact. This method is based on the use of an optical sensor 
matrix or a picture sensor combination. This method's poor performance is due to its high construction costs, 
coupled with slow data transmission during communication. In terms of relatively low cost and the ease of their 
physical and software specifications, RSS is the best of these approaches. In addition to testing the variables, 
this approach requires pre-calibration of the position of the ID. A position with only two dimensions can be 
carried out given the calibration procedures [13, 14, 15]. 
A new method proposed in [16], which overlaps the period of the U-OFDM and the ACO-OFDM with the same 
range of DCO-OFDM spectral output. Recently, the VLC literature filed for additional bits transfer with low 
power consumption has taken MIMO and index modulation communication approaches into considerable 
consideration. In [30], multi-user status is checked on MIMO-VLC systems. Index modulation procedures that 
use the communications system building blocks are designed to convey more information, in particular in the 
efficient use of energy and spectrum in IM / DD applications. Index-based transmission systems offer extra 
flexibility for phase loss compensation [14]. The most popular type of index modification was proposed for 
MIMO-VLC systems for Space-Modulation (SM), as proposed in [17]. 
Akande K. O. et al. [18] studied the low complex detection schemes of the MULT input, multi-output standard 
transmitter with less amplitude, and phase (MIMO CAP). A substantial improvement in efficiency of the 
respective linear detection instruments, ZF, and MMSE was defined by ordered successive cancelation of 
interference (OSIC) (or Zero forcing), and by the minimum mean square mistake detection with optimally 
ordered successive cancellation of interference (MMSE-OSIC). MMSE-OSIC is also found in Calculates to 
outperform ZF-OSIC by gaining 1.5 dB, and MMSE-OSIC needs only an improvement from a non-practical 
maximum likelihood (ML) detector of 5 dB per bit. With respect to contrasting the output complexity of the 
MIMO CAP system, MMSE-OSIC concluded the best ML detection system. 
Upon applying the forward error correction (FEC) on a 1.6 m grid, Rui Bian et al. showed in 2019 that VLC 
device had a data rate of 15.73 Gb/s. The WaveLength Multiplexing (WDM) device has 4 wavelengths of visible 
light, centered on double colored mirrors and shapes every wavelength using DCO-OFDM. The data 
transmission rate of 15,73 Gbit / s is achieved with a BER below the 7 % HDFEC limit, i.e. 3.8x10−3 on wireless 
communication, 1.6 meters, with adaptive bit loading and optimized device parameters. 
In addition, Mohammad Dehghani Soltani et al. addressed the SNR derivation for randomized devices in 2019 
using the derived PDF to test the DCO-OFDM's output of the AWGN channel by using randomly directed users 
(UEs). The typical BER is uniformly rounded and corresponds to the same criteria precisely [19,20]. 
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In this paper, we divided the article into two parts: first part we have presented a new visible light positioning 
algorithm system based on position, which depending on directly measured received signal strength (RSS) that 
called light positioning algorithm neural network (LPANN). The second part we have proposed novel 4 optical 
LD MIMO-VLC-based OFDM system for operation on flat frequencies and narrow frequency channels, this is 
scheme called Zero Forcing Equalizer Neural network (ZFENN). 
2. Methodology of the System Design Model 
        This work has divided in to two parts: first one we have proposed a new visible light positioning algorithm 
system based on position by utilized neural network which depending on directly measured received signal 
strength (RSS) information of 3D coordinates. This algorithm is called light positioning algorithm neural 
network (LPANN). The second one we propose a new multi-input-multi-output (MIMO) based on optical 
frequency division multiplexer (OFDM) systems algorithm based on line neural network. This algorithm is 
called (OFDM-LNN) to operate over frequency of VLC channel.  
2.1 Light positioning algorithm neural network (LPANN)     
      The proposed positioning schematic system is shown in Figure 1. Where, considers the receiver is placed at 
center of room Rx. As well as, we supposed the system consist of five units of illumination sources LDs, each 
optical illumination sources unit consists of 5×5 LD chips, thus the total number of LD chips is 125 chips are 
distributed on the ceiling of the room. The optical receiver Rx is under the scope of the sources. Each source 
independently operates a different unique sinusoidal frequency signal.  
 
 
Figure 1. Positioning schematic system 
 
In the proposed system, The RSS is used to infer the distances of the receiver on the ceiling from the LD, and 
after this triangulation the receiver will be found. 
A 3D positioning system X, Y, Z are calculated for the receiver R(x,y), as shown in Figure1 (Note: Z is fixed 
as Z=1m) based on the RSS values extracted from the five primary sources.  
The process of calculation for the internal positioning system is implemented. It is obvious to use a fingerprint 
based on RSS. Through two consecutive and coordinated processes as shown in Figure 2. The first is the process 
of system training and the extraction of a database of arithmetically derived values for the RSS. 
𝑋𝑒𝑟𝑟𝑜𝑟 = 𝑋𝑑𝑏 − 𝑋𝑟𝑡                                           1 
𝑌𝑒𝑟𝑟𝑜𝑟 = 𝑌𝑑𝑏 − 𝑌𝑟𝑡                                            2 
 
Where, Xdb, Ydb are the x-, y- values from the database and Xrt , Yrt are the x-, y- values of real time readings. 
The second stage is the site extraction technique based on the comparison of the actual RSS values with the 
RSS values stored in the database prepared. 
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Figure 2. Scheme to calculation RSS 
  
 
2.2 Principle of optimization  
       Based on Figure 2, the first step is transmitted power of data communications that will be calculated at 
different LD sites to achieve a uniform distribution of signal-to-noise ratio (SNR) at the receiver plane. The 
receiving power in channel modeling, SNR is expressed as one of the most important criteria when discussing 
system performance will be discussed in this sub-section. In this system, there are N-LD locations distributed 
uniformly on the room ceiling. A Lambertian radiation pattern is used for each LD. In addition, P receivers are 
located at 1 m above the ground uniformly on the work plane.  
However, the total received power is given by 
𝑃𝑟 = ∑ 𝐻𝑖(0)𝑃𝑖
𝑁𝑇
𝑖=1                                              (3) 
Where, NT is the number of transmitters, Hi(0) and Pi are the directed path channel (DC) gain on the directed 
path and instantaneous emitted power for the i-th LD chips, respectively. 
However, the SNR can be expressed in the photodetector (PD) in a responsible manner, the receiving optical 
power, and the noise variation as well [21]: 
𝑆𝑁𝑅 =  
𝑃𝑟 2
(𝛾𝑠ℎ𝑜𝑡+𝛾𝑎𝑚𝑙𝑖𝑓𝑖𝑒𝑟)2
                           (4) 
Where (𝛾𝑠ℎ𝑜𝑡) is the shot noise variance can be given as[22] 
 
   𝛾𝑠ℎ𝑜𝑡 = 2𝑞  𝑅𝑟( 𝑃𝑟𝑇𝑜𝑡𝑎𝑙  )𝐵𝑛 + 2𝑞 𝐼𝑠𝑢𝑛𝑙𝑖𝑔ℎ𝑡𝐼2𝐵𝑛            (5) 
 
In addition, 𝛾𝑎𝑚𝑝𝑙𝑖𝑓𝑖𝑒𝑟  is the amplifier noise variance that is given by: 
  𝛾𝑎𝑚𝑝𝑙𝑖𝑓𝑖𝑒𝑟 = 𝐼𝑎𝑚𝑝
2 ∗ 𝐵𝑎                                                (6) 
 
      Where q is the Electron charge, Rr is the Photodiode  responsively, Bn is the noise bandwidth and Isunlight 
is the background. current whose traditional. values are 5100 µA given direct exposure to sunlight and 740 µA 
assuming. indirect. exposure. to sunlight, I2  the noise bandwidth factor which equal to  0.562, 𝐼𝑎𝑚𝑝 is the 
Amplifier noise density and Ba is the Amplifier bandwidth. [21] 
The illumination can be expressed in terms of the photodetector (PD) responsibly as well: 
𝐿𝑎𝑚𝑏 =
𝐼
ℎ_𝑑𝑖𝑠2
× cos 𝜃                                                      (7) 
Where I the luminous intensity in angle, and it can be calculated by: 
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𝐼 =
𝐼0
𝑐𝑜𝑠𝜑𝑚
                                                                         (8) 
I0 is the center luminous intensity of an LD. The parameters that used in LPANN algorithm has shown in Table 
1.  
Table 1. Positioning VLC simulation parameterises 
Parameters Value 
𝜑 Transmitter Semi-angle (FOV) 850 
𝜃 incident angle 1200 
Room dimension (L×W×H) 6×6×3  (m3) 
ARX the photodiode active area 0.5     ( mm) 
LD array Chips 5×5  
PLD 2    (mW) 
Rr 0.55   (A/W) 
Ba 4.5e6    (Hz) 
Iamp 5e-12      (A/Hz0.5) 
I0 24 cd) 
 
2.3 OFDM diagram using zero forcing equalizer neural network ZFENN Algorithm for MIMO 
system  
     To the best of our knowledge, we have used a novel modem scheme of Discrete Fourier Transform-Spread-
OFDM Technique (DFT-S-OFDM) as shown in Figure 3. We used M, Nd, Nf , Fs and Ns as; M is modulation 
index order, Nd is the number of subcarriers, Nf  is the Points of FFT, Fs is the sample rate, and finally Ns is the 
number of transmitted symbols. Where,  
Given i = 0, 1, ….., Ns -1, the  𝑥1
(𝑖) ∈ 𝐶𝑁𝑓 has a takes structure  
𝒙𝟏
(𝒊)
= [𝟎,𝑫𝟎
(𝒊), 𝑫𝟏
(𝒊), 𝑫𝟐
(𝒊), … . , 𝑫𝑵𝒅−𝟏
(𝒊) , (𝑫𝑵𝒅−𝟏
(𝒊) )
∗
, … , 𝑫𝟎
(𝒊)
]𝑻        (9) 
Where  [𝑥1
(𝑖)]
0
 and [𝑥1
(𝑖)
]
Nf / 2 
 are assigned Nf / 2 as zeros to remove the DC component. Therefore, this step 
leads to Nd = Nf / 2 - 1. Then  𝒙𝟐
(𝒊)
∈ 𝑹𝑵𝒇 is obtained by 
[𝑥2
(𝑖)]𝑚 = 
1
√𝑁𝑓
 ∑ [𝑥1
(𝑖)]𝑛𝑒
(𝑗
2𝜋
𝑁𝑓
 𝑚𝑛)𝑁𝑓−1
𝑛=0                             (10) 
= 
2
√𝑁𝑓
 ∑ 𝑅 {[𝑥1
(𝑖)
]𝑛𝑒
(𝑗
2𝜋
𝑁𝑓
 𝑚𝑛)
}
𝑁𝑓/2−1
𝑛=0                               (11) 
 
Where R is the pure rate of the system and m is the minimum-batch size. At the same time, the original signal 
is expressed in the training package by 𝑿𝟐 = [𝒙𝟐
𝟎, 𝒙𝟐
𝟏, 𝒙𝟐
𝟐, … 𝒙𝟐
(𝑵𝒔−𝟏)] ∈  𝑳𝑵𝒇×𝑵𝒔 , the normalize 𝑿𝟐 the interval 
must be [−1, 1] to alleviate the phasing problem of fading in the training stage. 
𝐿 = 𝑀 ×
𝑁𝑑
𝑁𝑓
× 𝐹𝑠                                                    (12) 
 
Where, in the modulation technique part, no Hermitianl symmetry and DC bias have used to ensure that the 
baseband signals are in real and imaginary domains to operate through frequency flat optical channels. Thus, 
signals will be sent through the MIMO-Optical channels using the active light-based modulation index (LD). In 
addition, there is a novel MAP estimator for the calculation of certain real and imaginary parts of the OFDM 
signals at the receiver. The OFDM modulator processes a complex frequency-domains OFDM structure xF 
directly in the proposed scheme without the need for Hermitian symmetry. In order to solve bipolar (positive 
and negative) elements values of VLC channel, a new MIMO transmission technology based on LD index 
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modulation being developed. Upon conversion from parallel to serial (P/S), complex signal xk is distinguished 
between the real and imaginary parts in xk= xK,r+j xk,i, Then the real result, But the following positive real-value 
signals are interpreted by non-negative separators   (+ /−) [22]: 
 
 
𝑋𝑘,𝑟
+ = {
𝑋𝑘,𝑟                    𝐼𝑓   𝑋𝑘,𝑟 > 0 
 
0                        𝐼𝑓     𝑋𝑘,𝑟 < 0 
                                         (13) 
𝑋𝑘,𝑟
− = {
0                          𝐼𝑓   𝑋𝑘,𝑟 > 0 
 
−𝑋𝑘,𝑟               𝐼𝑓     𝑋𝑘,𝑟 < 0 
                                        (14) 
 
𝑋𝑘,𝑖
+ = {
𝑋𝑘,𝑖                      𝐼𝑓   𝑋𝑘,𝑖 > 0 
 
0                       𝐼𝑓     𝑋𝑘,𝑖 < 0 
                                          (15) 
 
𝑋𝑘,𝑖
− = {
0                          𝐼𝑓   𝑋𝑘,𝑖 > 0 
 
−𝑋𝑘,𝑖              𝐼𝑓     𝑋𝑘,𝑖 < 0 
                                       (16) 
 
Consequently, signals from the nR + nT MIMO-VLC system can be transmitted simultaneously, where nR and 
nT are representative of the numbers of units of the receiver (Rx) and transmitter (Tx). It is to be observed that, 
for the proposed scheme where it is known in this work as nT = 4, nT must be divisible by four. The positive 
OFDM time samples and the real value 𝑋𝑘,𝑟
+ , 𝑋𝑘,𝑟
−  , 𝑋𝑘,𝑖
+   and 𝑋𝑘,𝑖
− are sent via the optical MIMO-VLC channel 
(nR x 4)  for k=0,1,2,…,N-1 that will be represented by H.  
𝑦 = 𝐻𝑥 + 𝑛                        (17) 
where y is the vector of received signals, n is additive white Gaussian noise (AWGN), and the transmitted signal 
vector 𝑥 ∈ 𝑅4∗1 formed as  
𝑥 = [𝑥𝑘,𝑟
+        𝑥𝑘,𝑟
−        𝑥𝑘,𝑖
+          𝑥𝑘,𝑖
− ]
𝑇
           (18)  
Where the transpose of a matrix/vector is expressed by (.)T. 
According to equations (13-16), in the case of a certain OFDM signal, there are only two out of four x elements 
non-zero, i.e. two LDs (emitting light). However, in this section of article, nR=4 is considered as simple to send, 
therefore the 4 × 4 optical MIMO-VLC channel is represented by equation 19:  
 
𝐻 =
[
 
 
 
ℎ1,1 ℎ1,2     ℎ1,3 ℎ1,4
ℎ2,1 ℎ2,2     ℎ2,3 ℎ2,4
ℎ3,1 ℎ3,2     ℎ3,3 ℎ3,4
ℎ4,1 ℎ4,2     ℎ4,3 ℎ4,4]
 
 
 
                   (19)  
 
Where (hno. , no. ) represented as hr, t which indicates the optical wireless channel gain connection from the Tx 
unit (t) to the Rx unit (r) where (t, r) {1, 2, 3, 4}. 
The calculation the relationship between SNR and BERRZ-OOK has achieved by utilizing following equation [21]:  
 
𝐵𝐸𝑅𝑁𝑅𝑍−𝑂𝑂𝐾 =
1
2
𝑒𝑟𝑓𝑐(
1
2√2
√𝑆𝑁𝑅            (20) 
 
The received signal vector y cannot directly be transmitted to the OFDM demodulator, provided that the first 
thing to obtain the frequency domain estimate OFDM block xF is to create complex valued signals. Using a Zero 
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Forcing Equalizer (ZFE) to provide an approximation of x simply as is straightforward solution to the estimation 
problem described in equation 17.  
𝑥𝑍𝐹 = 𝐻−1𝑦                                               (21)  
After this process, by selecting the 𝑥𝑍𝐹 higher magnitude signals, the receiver will evaluate the active LDs 
indices and corresponding signals. The ZFE estimator is simple, but does not consider a prior knowledge on the 
probable distribution of x and can therefore produce negative estimates. Therefore, in order to correct the above 
drawbacks of the ZFE estimator, we are providing a new MAP estimator for the OFDM scheme, in consideration 
of prior information that we have for the signal vector x. 
The matrix of channel H is defined as H= [h1    h2    h3    h4] and can be rewritten according to the signal in 
equation (17)  
𝑦 = (𝑥 × ℎ) + 𝑛                                         (22)  
Where, given the impulse h as hm and hn, m ∈ {1, 2}, n ∈ {3, 4}, therefore equation 22 become  
𝑦 = (ℎ𝑚𝑥𝑘,𝑟 + ℎ𝑛𝑥𝑘,𝑖) + 𝑛                          (23)  
 
Thus, conditional MAP estimates calculations of 𝑥𝑘,𝑟 and 𝑥𝑘,𝑖 are necessary for a given pair (m, n) which written 
as: 
(?̃?𝑘,𝑟
(𝑚,𝑛)
, ?̃?𝑘,𝑖
(𝑚,𝑛)
= 𝑎𝑟𝑔𝑥𝑘,𝑟,𝑥𝑘,𝑖min𝑀
𝑀𝐴𝑃(𝑚, 𝑛, 𝑥𝑘,𝑟 , 𝑥𝑘,𝑖))                  (24)  
 
Where 𝑀𝑀𝐴𝑃(𝑚, 𝑛, 𝑥𝑘,𝑟 , 𝑥𝑘,𝑖) is the metric of MAP estimates defined as 
𝑀𝑀𝐴𝑃(𝑚, 𝑛, 𝑥𝑘,𝑟, 𝑥𝑘,𝑖) = ‖𝑦 − ℎ𝑚𝑥𝑘,𝑟 − ℎ𝑚𝑥𝑘,𝑖‖
2
+ 2𝜎𝜔
2(𝑥𝑘,𝑟
2 + 𝑥𝑘,𝑖
2 )               (25) 
Where, 𝜎𝜔
2  represents the variance and (‖𝑎‖ = 𝑎𝑇𝑎 ), following simple algebra handling, equation (25) 
simplified as:  
𝑀𝑀𝐴𝑃(𝑚, 𝑛, 𝑥𝑘,𝑟, 𝑥𝑘,𝑖) = 𝐴𝑥𝑘,𝑟
2 + 𝐵𝑥𝑘,𝑖
2 + 𝐶𝑥𝑘,𝑟 + 𝐷𝑥𝑘,𝑖 + 𝐸𝑥𝑘,𝑟𝑥𝑘,𝑖                 (26) 
Where,  
𝐴 = ℎ𝑚
𝑇 ℎ𝑚 + 2𝜎𝜔
2   
𝐵 = ℎ𝑛
𝑇ℎ𝑛 + 2𝜎𝜔
2  
𝐶 = −2𝑦𝑇ℎ𝑚 
𝐷 = −2𝑦𝑇ℎ𝑛 
𝐸 = 2ℎ𝑚
𝑇 ℎ𝑛 }
 
 
 
 
                                (27) 
 
The 𝑀𝑀𝐴𝑃(𝑚, 𝑛, 𝑥𝑘,𝑟, 𝑥𝑘,𝑖) derivative with regard to 𝑥𝑘,𝑟 and 𝑥𝑘,𝑖 equates to zero and yields, conditional on 
(m,n), and so is the MAP estimates for 𝑥𝑘,𝑟 and 𝑥𝑘,𝑖 
?̃?𝑘,𝑟
(𝑚,𝑛)
= [
2𝐵𝐶−𝐸𝐷
𝐸2−4𝐴𝐵
]
+
, ?̃?𝑘,𝑖
(𝑚,𝑛)
= [
2𝐴𝐷−𝐸𝐶
𝐸2−4𝐴𝐵
]
+
                       (28) 
 
The conditional MAP estimator calculates  ?̃?𝑘,𝑟
(𝑚,𝑛)
 and ?̃?𝑘,𝑖
(𝑚,𝑛)
 for all possible (m, n) pairs in order to determine 
the active LD indexes (i.e. m and n estimates) and the corresponding estimates of 𝑥𝑘,𝑟 𝑎𝑛𝑑 𝑥𝑘,𝑖 and then obtained 
the unconditional estimates of ?̃?𝑘,𝑟
(𝑚,𝑛)
 and ?̃?𝑘,𝑖
(𝑚,𝑛)
 as follows:  
(?̂?, ?̂?) = arg𝑚𝑖𝑛𝑚,𝑛𝑀
𝑀𝐴𝑃 (𝑚, 𝑛, ?̃?𝑘,𝑟
(𝑚,𝑛)
, ?̃?𝑘,𝑖
(𝑚,𝑛)
)                 (29) 
Where, 𝑥𝑘,𝑟
𝑀𝐴𝑃 = ?̃?𝑘,𝑟
(?̂?,?̂?)
, 𝑥𝑘,𝑖
𝑀𝐴𝑃 = ?̃?𝑘,𝑖
(?̂?,?̂?)
   
 
After the calculation of the MAP estimates, the conditional MAP estimator of the GLIM-OFDM scheme decides 
on the most likely active LD pair (m , n) and corresponding estimates of 𝑥𝑘,𝑟 𝑎𝑛𝑑 𝑥𝑘,𝑖 (𝑥𝑘,𝑟
𝑀𝐴𝑃 , 𝑥𝑘,𝑖
𝑀𝐴𝑃  ) by 
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calculating the MAP estimation metric given by equation 25 for all four scenarios. The combiner calculates the 
estimation of the OFDM scheme signal complex xk as:- 
 
𝑥𝑘,𝑟 = {
𝑥𝑘,𝑟
𝑀𝐴𝑃 , 𝑖𝑓 𝑚 = 1 
−𝑥𝑘,𝑟
𝑀𝐴𝑃 , 𝑖𝑓 𝑚 = 2
                              (30) 
𝑥𝑘,𝑖 = {
𝑥𝑘,𝑖
𝑀𝐴𝑃 , 𝑖𝑓 𝑛 = 3 
−𝑥𝑘,𝑖
𝑀𝐴𝑃 , 𝑖𝑓 𝑛 = 4
                                   (31)  
 
 
 
Figure 3. Block diagram of MIMO–OFDM system model 
 
 
3. Result and discussion 
3.1 Positioning using interpolation method   
The LDs are located at the room ceiling with coordinates range of LD1(x=-1.5, y=1.5), LD2(x=1.5, y=1.5), LD3 
(x=-1.5, y=-1.5), LD4 (x=1.5, y=-1.5), and LD5 (x=0, y=0) which are shown in Figure1. The room is divided 
into different positions are calculated by using equations 1 and 2 that applying in simulation Matlab. The span 
between any adjacent Positions is 0.5m.  
The plot of the locating error of the proposed interpolation method using RSS has shown in Figure 4. However, 
the positioning performance using the proposed interpolation method is evaluated, after finishing the construct 
the database finally, the indoor positioning system utilizing the proposed algorithm for the database is 
implemented and simulated. As a result, the proposed algorithm can be applied to extend the RSS database, and 
then the interpolation technique is used to enhance the positioning performance. It is clear that the larger the 
database, the better the positioning performance. The interpolation method using RSS. The positioning error is 
too small for an indoor positioning system, at a first sector area (6×6×3 m3) of the testing room. The RSS values 
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can be affected by the walls and furniture that did not take into account in this work. A multi-path effect can be 
caused by these factors, as well as a dispersion in the signal, which means an error in positioning. Suitable 
parameters selection leads to minimizing the positioning error. As shown in fig (4), a tolerable error caused by 
the above factors is produced. 
 
 
Figure 4. The plot of positioning error of LPANN using RSS 
 
According to our results, the site measurement accuracy is increased from 10 to 15 cm as well as the accuracy 
of positioning external to the cell. 
     3.2 Received Power and SNR  
     The significant contribution to the proposed illumination units configuration model is the fact that it 
consumes less power in downlink communication as shown in Table 2 where it shows the numerical comparison 
of the conventional and new configuration model. 
 
Table 2. Coparision between five LD and four LED units model configration  
Illumination units 
in Room 
Power per LED 
and LD 
Emitted power 
signal unit 
Total power 
consumption 
4 20mW 72W 288W 
5 2 mW 50W 250W 
 
Figure 5 shows the power distribution in the typical room for lighting unit configurations in the proposed. model. 
While, Figure 6 show the Coverage area distribution in the room for the proposed model. In configuring the 
four typical illumination units, the maximum receiving power is centered in the corners of the room. The center 
of the room received a little optical power and the. SNR distribution and it is interesting that the new LD 
distribution for the illumination units design produced a new power.and SNR distribution.in the entire room. 
 
Figure 5. Power distribution in typical room 
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Figure 6. Coverage area distribution in a term of received power 
 
In addition, the SNR signal varies in the range of (47 - 65) at the testing room, as shown in fig (7). Comparing 
with the reference [23] the SNR can be reached to 42.5 dB at the better case while the SNR in our work reaches 
to 65 dB at the best point in the room. As well as Fig 8 show the Coverage area distribution in a term of received 
SNR. 
 
 
Figure 7. 3D Plot SNR distribution for 5-lds 
 
Figure 8. Coverage area distribution in a term of received SNR 
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According to the results, Figure (9) illustrate the relationship between SNR versus BER by using OFDM scheme 
with modulation index (M=4). Where it can be notice that the value of SNR is 60 dB with BER is higher than 
10−4 
 
 
 
Figure 9. The relationship between SNR and BER for M=4 
 
   In order to achieve verifying between our algorithm system results with other algorithm techniques, we make 
a compression with e-GLIM-OFDM algorithm for modulation index M=4, we found that the SNR is 41 dB with 
BER is higher than 10−4while SNR was 35 dB with BER is higher than 10−2. Therefore, the SNR obtained in 
our work is acceptable compared to other work mentioned in [24]. 
3.3 MIMO-OFDM using NLNNS  
      Figure (10) illustrate the relationship between SNR Versus BER by using MIMO-OFDM in channel coding 
with different modulation index (M=4, 8, 16). Where the values of SNR with BER varying with the modulation 
index. It shows that the SNR are 41, 46 dB with BER is higher than 10ˉ4 for M= 4 and 8, respectively. While, 
for M=16 the SNR is 52 dB with and BER is above 10−4 Where the relationship SNR vs. BER are addressed 
by eq. ( 24). 
 
 
Figure 10. The relationship between SNR and BER for MIMO 
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4. Conclusion. 
This paper is focused on design and evaluation of the positioning and MIMO-OFDM for the optical system 
(visible light communication) by using laser diodes (LDs), where the simulation was carried out in a room with 
dimensions of (6×6x3) m3.  A 3D indoor positioning algorithm system has been used to found the RSS by using 
interpolation method. Where this proposed system offers high gains of accuracy in a positioning system, 
furthermore, a 3D positioning results with positioning error of less than 15 cm in a coverage volume of is 
verified enhancement in SNR and data rate.  On the other hands, the NLNNS algorithm of DFT-S OFDM, which 
is used to determine the MIMO-OFDM. So, according to the results of BER, we can show the performance of 
the system within the channel codding has improvement, where the value was more than 10−4. Compared with 
the results of the e-GLIM method. As well as, the enhancement of SNR has achieved by the value 60 dB and 
around 67.5, 75 dB for M=8, 16, respectively.  
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